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[57] ABSTRACT 
A method and apparatus for hydrostatically testing 
connections between segments of pipe whereby pres 
surized hydrostatic test ?uid is selectively applied to the 
connection such that the pressures are principally ap 
plied in the vicinity of the radial ori?ces leading into the 
sealing elements of the connection and not radially to 
the inner or outer annular surfaces of the connection in 
the vicinity of the sealing elements of the connection 
which would tend to substantially affect the bearing 
pressure of the sealing elements. In addition, a method 
and apparatus for selectively applying pressurized hy 
drostatic test ?uid such that the pressures are applied to 
those areas where the bearing pressure of the sealing 
elements of the connection is sensitive to the applied 
pressures, thus manipulating the bearing pressure and 
controlling the sealing capacity of the connection dur 
ing hydrostatic leak testing. Additionally, an improved 
method and apparatus for internally hydrostatically 
testing the integral connection between two sections of 
pipe threaded together wherein the connection’s seal is 
provided by the interference between mating surfaces 
on the corresponding male and female ends of the sec 
tions of pipe wherein pressurized hydrostatic test ?uid 
is principally applied in the vicinity of the internal radial 
ori?ce leading into the sealing elements of the connec 
tion and pressurized hydrostatic ?uid is selectively ap 
plied to the inside of the connection in the vicinity of 
the interference seal. 

13 Claims, 16 Drawing Sheets 
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METHOD AND APPARATUS FOR EXTERNALLY 
AND IN'I'ERNALLY TESTING FOR LEAKS IN 

CONNECTIONS BETWEEN TUBULAR MEMBERS 

BACKGROUND AND OBJECTS OF THE 
INVENTION 

This invention provides an improved method and 
apparatus for the hydrostatic testing of the integrity of 
a connection between two sections of‘ pipe. This Appli 
cation is related to application Ser. No. 154,981 ?led by 
Brian B. Hasha, Malvern M. Hasha and Bruce B. Hasha 
which on May 22, 1990 issued as US. Pat. No. 
4,926,680. 

In the oil and gas industry, individual stands or 
lengths of pipe (drill pipe or casing pipe) are referred to 
by various terms, including joints, sections or segments. 
When these sections of pipe are joined together to form 
the pipe string that will be inserted into the well hole, it 
is necessary to test the connections between the various 
stands of pipe in order to determine if the connections 
will leak when subjected to the hydrostatic pressures 
that may be encountered in the drilling operation, pres 
sures resulting from the introduction of drilling mud 
and other substances into the drilling operation, pres 
sures from fluids and gases in the earth that may be 
encountered during the drilling operation, and, of 
course, the pressures of the crude oil or gas which hope 
fully ultimately will be brought to the surface through 
the pipe string. A ?uid leak through a connection in the 
pipe string can have signi?cant adverse effects on the 
drilling operation, from having to remove the pipe 
string from the well to replace the leaking connection (a 
time consuming and costly procedure) to loss of the 
well (which, of course, is an even more costly event). 
Over the years, there have been a number of methods 
utilized to test the connections between the various 
jointsaof pipe in the string before or contemporaneously 
with the string being inserted into the well hole to de 
termine if the connection is likely to leak. The most 
commonly utilized method is some sort of hydrostatic 
testing procedure. This invention provides an improved 
method and apparatus for the hydrostatic testing of the , 
connections between stands of pipe. 

Heretofore, the hydrostatic testing of connections 
between joints of pipe utilized for the production of oil 
and gas has been generally accomplished by sealing off 
above and below the connection, either internally 
within the pipe body or externally on the pipe body, 
injecting hydrostatic test ?uid, such as water, “slick 
water” (water with a surfactant added), gas or mixed 
gas, between these sealing elements of the testing appa 
ratus and against the connection, and observing for a 
leak or pressure drop in the hydrostatic test fluid 
through the connection by use of a gauge or “sniffer” 
device (such as a mass spectrometer in the case of gas or 
mixed gas testing). More speci?cally, the connections to 
be tested usually are made up to a specified torque in 
order to create a specific bearing pressure between the 
sealing surfaces of the two sections of pipe being con 
nected together. While most such testing is performed 
with the connection in the fully made-up position, that 
is, optimum torque is applied to the two joints of pipe, 
some hydrostatic test methods allow for testing of a 
connection in a partially made»up state. In any event, 
subsequent to the connection being made-up, either 
partially or to optimum torque, as indicated above, 
hydrostatic pressure is then applied to the connection, 
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2 
either internally or externally, as part of the testing 
procedure. We have discovered that errors can result in 
the testing process as a result of the fact that in almost 
all types of connections, the individuals who designed 
the sealing surfaces of the pipe have taken into account, 
and, in fact, are relying on‘ the hydrostatic pressures 
likely to be encountered in the drilling operation to 
assist in securing the connection’s seal. Most pipe joints 
are intentionally designed such that the hydrostatic 
pressures encountered by the connection during the 
drilling operation affect the bearing pressure (often also 
referred to in the industry as the contact pressure) be 
tween the sealing surfaces of the connection-thus “set 
ting” or effecting the sealing characteristics of the con 
nection. In fact, some connections ' are designed 
whereby a unit of hydrostatic pressure applied across 
the connection causes a multiple of that unit change in 
the bearing pressure of the sealing portion of the con 
nection. Indeed, because of this design philosophy, most 
connections leak not when encountering maximum hy 
drostatic pressures in the drilling and completion opera 
tion and throughout the productive life of the well, but 
rather when encountering relatively low hydrostatic 
pressures. We have discovered that because of this de 
sign philosophy, there is a likelihood the connection 
that will leak when subjected to relatively low hydro 
static pressures encountered during the drilling and 
completion operation and throughout the productive 
life of well will not be identified during the hydrostatic 
testing procedure. This is because in the prior art meth 
ods and apparatus for hydrostatically testing connec 
tions for leaks, the applied hydrostatic testing pressures 
themselves have the same effects as the designers con 
templated for the hydrostatic pressures likely to be 
encountered during the drilling operations-the appli 
cation of the pressures associated with the testing pro 
cedure itself “sets” or effects the sealing characteristics 
of the connection. We have discovered that depending 
upon the design of the sealing surfaces of the connec 
tion, vthe relative wall thickness of the mating sealing 
surfaces, and whether pressure is applied internally or 
externally, the bearing pressure between the connec 
tion’s sealing surfaces may change signi?cantly and thus 
obscure the fact that the connection is likely to leak 
when subjected to relatively low hydrostatic pressures 
encountered during the drilling and completion opera 
tion and throughout the productive life of the well. We 
have discovered that this change in the bearing pressure ' 
on the sealing surfaces of a connection as a result of the . 
applied external or internal testing pressure is an impor 
tant, perhaps even critical, factor in accurately deter 
mining the sealing capacity of most connections. There 
are, of course, certain types of joints, such as welded 
joints, in which if there is a leak in the connection, the 
leak path will be substantially perpendicular to the tubu 
lar pipe axis. In such cases, the locations and procedures 
for applying the test pressure to the connection is 
largely immaterial for purposes of the bearing pressure 
of the seal. However, the method and apparatus accord 
ing to this invention is particularly useful in testing for 
leaks'in a connection between casing or other types of 
tubing wherein the bearing pressure of the connection is 
sensitive to the pressure applied by the leak testing 
apparatus itself. 
The improved method and apparatus for testing tubu 

lar connections according to this invention recognizes 
that the most accurate test method for predicting a 
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connection’s sealing capacity is that method which 
affects the connection’s sealing surfaces bearing pres 
sure the least per unit of applied pressure. The improved 
method and apparatus for testing tubular connections 
according to this invention applies pressure to speci?c 
surfaces of the connection in order to yield the least 
change in bearing pressure between the connection’s 
sealing surfaces per unit of applied testing pressure. 
We have also discovered there exists the very real 

possibility that a connection may be sensitive to varying 
load factors, such as tension or compression loads or 
loads introduced by temperature variations, that are 
common during the drilling and completion operations 
and during the productive life of the well, and/or have 
a cycle dependency such that the connection will leak 
upon subsequent pressure cycles. For example, the ini 
tial load cycle or pressure cycle may in some way intro 
duce plastic strain into the connection and therefore 
reduce the connection’s interference and bearing pres 
sure of the sealing surfaces, or the connection’s lubri 
cant, sometimes referred to in the industry as pipe dope, 

may form an initial temporary seal during the pressure cycle but not hold during subsequent cycles 

since such a seal is not a reliable seal. The improved 
hydrostatic test method and apparatus according to this 
invention allows for the identi?cation of these types of 
connections. 

It is, therefore, an object of this invention to provide 
an improved method and apparatus for testing a con 
nection between pipe joints in those situations in which 
the bearing pressure between the sealing surfaces of the 
connection is affected by the hydrostatic pressure of the 
testing ?uid. 

It is an additional object of this invention to provide 
an improved method and apparatus for testing a con 
nection between pipe joints which is applicable for both 
internal and external testing and which applies pressure 
to speci?c surfaces of the connection in order to yield 
the least change in bearing pressure between the sealing 
surfaces of the connection per unit of applied testing 
pressure. 

It is a further object of this invention to provide an 
improved method and apparatus for testing a connec 
tion between tubular members wherein the operator of 
the unit is provided the ability to selectively pulse or 
otherwise apply hydrostatic testing pressure in order to 
determine if the connection is sensitive to varying load 
factors or has a cycle dependency such that the connec 
tion may hold on the first initial pressure cycle but then 
leak on subsequent cycles. , 

It is a further object of this invention to provide an 
improved method and apparatus for testing a connec 
tion between tubular members wherein a plurality of 
pressure zones are established on the connection at 
locations designed to vary the bearing pressure between 
the sealing surfaces of the connection independent of 
the applied test pressure while observing for leaks be 
fore, during, and after varying the bearing pressure. 
The operator of the unit is provided the ability to selec 
tively pulse or otherwise apply pressure in certain zones 
and observe pressure changes in other selected zones. 

It is an object of this invention to provide an im 
proved method and apparatus for testing a connection 
between pipe segments in which the bearing pressure of 
the connection is'sensitive to the pressure applied by the 
leak testing apparatus itself and the operator is provided 
with data in a readily interpretable context in order to 
determine pressure anomalies. 
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Another speci?c object of this invention is to achieve 

the above objects with a visual graph or other display of 
the characteristics and results of the various parameters 
of the testing procedure. 

Still another speci?c object is to achieve the above 
objects with computer-aided means for prescribing for a 
given connection the nature and extent of the pressure 
required at the speci?c locations to achieve or to sub 
stantially achieve accurate testing for the connection. 
A further speci?c object is to meet the above objects 

with computer-aided means whereby digital data are 
available for control of automated apparatus to perform 
the testing method. 
A further speci?c object is to achieve the above ob 

jects with a visual display of data which is recorded by 
a video cassette recorder or other means of permanent 
recordation for visual analysis later. 
The invention itself, as well as additional objects and 

advantages thereof, will become apparent from the 
following description in connection with the accompa 
nying drawings, in which like numerals represent like 
parts: 

DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a longitudinal cross-sectional view of a 
prior art internal testing apparatus utilized to test an 
integral connection formed by threading together two 
joints'of pipe. 

FIG. 1B is a longitudinal cross-sectional view of a 
prior art internal testing apparatus utilized to test a 
connection formed by threading two joints of pipe into 
a coupling. 
FIG. 2A is a'longitudinal cross-sectional view of a 

prior art external testing apparatus utilized to test an 
integral connection formed by threading together two 
joints of pipe. 

FIG. 2B is a longitudinal cross-sectional view of a 
prior art external testing apparatus utilized to test a 
connection formed by threading two joints of pipe into 
a coupling. 
FIG. 3 is a longitudinal cross-sectional view of a 

threaded pipe connection ‘including the improved 
method and apparatus of the invention to test the con 
nection externally. 
FIG. ‘4A is a longitudinally cross-sectional view of a 

threaded pipe connection showing the details of an 
apparatus for externally testing of the connection. 
FIG. 4B is a view similar to FIG. 4A of another 

apparatus of the present invention for externally testing 
the connection. 
FIG. 5 is a longitudinal cross-sectional view of a 

threaded pipe connection illustrating another form of 
the improved method and apparatus of the present in 
vention for testing the threaded connection. 
FIG. 6A is a longitudinal cross-sectional view of still 

another improved testing method and apparatus of the 
present invention for externally testing the threaded 
joint. 

FIG. 6B is a view similar to FIG. 6A but shown still 
another form of the present invention for testing the 
pipe connection. 
FIG. 7 is a similar longitudinal cross-section of a 

threaded pipe joint with a form of the improved method 
and apparatus of the present invention for testing such 
threaded joint internally. 
FIG. 8 is another similar view of a threaded pipe joint 

with another form the improved method and apparatus 
for testing the joint internally. 
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FIG. 9 is still another view of a threaded pipe joint 

with a coupling and the improved method and appara 
tus for testing the joint internally. 
FIG. 10 is another form of an improved method and 

apparatus of the present invention for internally testing 
the joint and showing multiple test chambers. 
FIG. 11 is still another view of a threaded pipe joint 

with a coupling and illustrating a modi?ed form of the 
improved external testing method and apparatus of the 
present invention having multiple test chambers. 
FIG. 12 is a mechanical ?ow diagram of an automatic 

control system used with the improved method and 
apparatus of the present invention for external testing of 
a threaded pipe connection having a coupling. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1A, there is shown in longitu-i 
dinal cross-sectional view pipe joints 10 and 12 threaded 
‘together to form an integral connection generally iden 
ti?ed by the numeral 14. There are many types of inte 
gral connections used in the oil and gas industry. In 
FIG. 1A , and in the other ?gures showing an integral 
connection unless otherwise indicated, the type of con 
nection shown is known in the industry as a “Hydril 
type” connection. The “Hydril-type” connection was 
chosen as an example due to the fact that the bearing 
pressure of its sealing elements is highly sensitive to the 
applied pressure of the testing ?uid. In a “Hydril-type" 
connection, the threads 16, whether they be interfer 
ence threads (that is, threads which in one fashion or 
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sensitive to the pressure applied by the leak testing ?uid 
within the annular chamber 30 across the connection 14. 
Thus, as the testing ?uid applies pressures against the 
internal annular surface of the connection 14 formed 
between pipe joints l0 and 12, the bearing pressure of 
the interference seals 18 and 20 of the connection is 
affected. As a result, the bene?ts of the seal design can 
have the effect of “hiding" the fact that the connection 
is likely to leak when subjected to relatively low hydro 
static pressures or other load factors previously dis 
cussed encountered during the drilling and completion 
operations and throughout the productive life of the 
well. 

Similarly, FIG. 1B is a longitudinal cross-sectional 
view of a prior art internal testing apparatus utilized to 

' test a connection formed by threading two joints of pipe 
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another correspondingly compress and expand slightly _ 
into each other) or non-interference threads, typically 
engage the sealing surfaces but do not form a seal them 
selves. Rather, the seal is effected by the interference 
formed by mating corresponding annular surfaces on 
the male and female ends of the pipe segments, such 
seals being identi?ed in FIG. 1A by the numerals 18 and 
20. It is the bearing pressure of these sealing elements, 
the annular surfaces forming the seals designated as 18 
and 20, that can become critical to the accuracy of the 
testing procedures. In the “Hydril-type” connection, 
the sealing element 18 is engaged ?rst. At approxi 
mately ten percent (10%) make-up a low torque hydro 
static test can be performed on the interference seal 18. 
When the connection is in the fully made-up position, 
that is, optimum torque is applied to the two joints of 
pipe, sealing element 20 is fully engaged and can be 
tested. 

Positioned within the connected pipe joints for ac 
complishing internal testing of the connection 14 is a 
prior art testing apparatus generally identi?ed by the 
numeral 22. The internal testing apparatus includes an 
elongated tubular member 24 having packer means 26 
on either end thereof for sealing above and below the 
connection 14. Hydrostatic testing ?uid is introduced 
through conduit 28 into the annular chamber 30 formed 
between the elongated tubular member 24 of the testing 
apparatus and the internal surfaces of the pipe joints 10 
and 12 in the connection 14. A leak in the connection 14 
is detected by the use of commercially available means 
32, such as, a Totco dual needle gauge, part 
#215041-104, for detecting a loss of the water from the 
annular test chamber 30 or, in the case that gas is uti 
lized as the hydrostatic testing medium, a “sniffer,” 
such as, a Deluxe Gas Detector, model #21-250 manu 
factured by Gow-Mac. The bearing pressure of the 
interference seals 18 and 20 of the connection 14 is 
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into a coupling. Pipe joints 10 and 12 are threaded into 
a coupling 40, to form a connection generally identi?ed 
‘by the numeral 14. There are many types of couplings ' 
used in the oil and gas industry. The type of coupling 
shown in FIG. 1B, and in the other ?gures showing a 
coupling, utilizes interference sealing threads with an 
annular area that is not part of the sealing means, and 
has annular ends that are larger in diameter than the 
pipe sections threaded therein and present outer annular 
faces substantially perpendicular to the pipe axis on 
either end thereof. Thus, the type of connection shown 
in FIG. 1B differs from the “Hydril-type” connection 
shown in FIG. 1A in that substantially all of the threads 
17 along the connection are designed to be interference 
sealing threads and thus constitute the sealing element 
of the connection. Positioned within the connected pipe 
joints for accomplishing internal testing of the connec 
tion 14 is a prior art testing apparatus generally identi 
?ed by the numeral 22. The internal testing apparatus 
again includes an elongated tubular member 24 having 
packer means 26 on either end thereof for sealing above 
and below the connection 14. Testing ?uid is intro 
duced through conduit 28 into the annular chamber 30 
formed between the elongated tubular member 24 of the 
testing apparatus and the internal surfaces of the pipe 
joints 10 and 12 and the coupling 40 forming the con 
nection 14. A leak in the connection 14 is detected by 
the use of commercially available means 32, such as, a 
Totco dual needle gauge, part #215041-104, for detect 
ing a loss of the water from the annular test chamber 30 
or, in the case that gas is utilized as the hydrostatic 
testing medium, a “sniffer,” such as, the Deluxe Gas 
Detector, model 21-250 manufactured by Gow-Mac. 
vThe bearing pressure of the interference threads 17 
within the connection 14 is sensitive to the pressure 
applied by the leak testing fluid within the annular 
chamber 30. Thus, as the testing fluid applies pressures 
against the internal surface of the connection 14 formed 
between pipe joints 10 and 12 and the coupling 40 into 
the two radial ori?ces 34 leading from the annular 
chamber 30 into the threads 17 and against the interfer 
ence threads 17 of the connection 14, the bearing pres 
sure of the interference threads is affected. Again, the 
bene?ts of the seal design can have the effect of “hid 
ing” the fact that the connection is likely to leak when 
subjected to relatively low hydrostatic pressures or 
other load factors previously discussed encountered 
during the drilling and completion operations and 
throughout the productive life of the well. Referring to 
FIG. 2A, there is shown in longitudinal cross-sectional 
view a prior art testing apparatus utilized to test exter 
nally an integral “Hydriltype” connection formed by 




















